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DECLARATION OF LEO N. CHAPIN 


I, Leo N. Chapin, of 1503 Yukon Drive, Sunnyvale,-^ 
California 94087, do hereby declare that all statements" made 
of my own knowledge are true and that all statements made on 
information and belief are believed to be true, do hereby 
declare as follows: 


1. I was employed at Krysalis Corporation, 
Albuquerque, New Mexico, from December 4, 1985, to September 
1, 1989, when the assets thereof were purchased by National 
Semiconductor Corporation of Santa Clara, California. 


t ^reljy certify that this correspondence Is being dapoait- 
e£ with the United Stmee Postal Service as first c!ss$ mei! 
in an envelops addreesedtXK 
Commissioner tfPs&n&GJtf Tr8&fft3&a 


Washington, D.fc 20281 OA. 


July 8, 1991 
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(DfltoofDdpostt) 

Roger N. Chauza, Ril^Nov 29,753 



2. My job title during the years of 1986 and 1987 was 
Research Associate and my responsibilities were the 
synthesis of sol-gels and the depositions of all 
ferroelectric films on substrates. 

To the best of my knowledge, the integration of 
ferroelectric material on silicon to form microelectronic 
memory circuits was not attempted before, and thus all the 
processes, techniques and materials had to be developed by 
Krysalis by experimental and trial and error techniques. 

3. Among my various responsibilities while employed 
at Krysalis, I developed and maintained a log of the wafers 
that I processed with ferroelectric material. 

4. Exhibit A attached hereto is a copy of a "PES 
Coating Log" that I developed and maintained while employed 
at Krysalis. The log illustrates various wafers processed 
at Krysalis between August 2, 1986, and September 29, 1987. 

5. The data input into a data base and represented by 
Exhibit A was carried out by myself while at Krysalis, using 
a Macintosh personal computer, Model MacPlus, and using a 
then commercially available program called "Overview". The 
Overview program is a relational type data base adapted for 
storing data and presenting the data in desired formats. 
The FES coating log data was stored on a magnetic three and 
one-half inch floppy disk during all times, including the 
present time. I found the computer and software a reliable 
system for storing and retrieving data for the FES coating 
log. 
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6 . During the course of gathering evidence for this 
matter, I recalled that I still had the magnetic disk with 
the FES coating log data. However, I no longer had the 
"Overview" program, but instead had a commercially available 
"Panorama" software data base program used on my Macintosh 
personal computer. The Panorama program was designed by the 
original makers of the Overview program, but allows data 
input by the Overview format to be output under the new 
program. In printing out the original FES coating log data 
previously stored on the floppy disk using the Panorama 
software and the Macintosh personal computer, I inputted 
column headings for the data to provide the printout of 
Exhibit A. The actual FES coating log data itself was last 
changed on the floppy disk November 4, 1987, as indicated at 
the bottom of each page of the printout of Exhibit A. 

7. The "Date Coated" column of Exhibit A indicates 
the day Krysalis processed wafers by depositing thin film 
ferroelectric material on the virgin or preprocessed wafers. 

8. The "Film ID" column identifies the particular 
substrate or semiconductor wafer on which the ferroelectric 
material was deposited by Krysalis. 

9. As an example of interpretation of the FES coating 
log data, on page 9 of the log, semiconductor wafer "6 310A" 
was coated with a ferroelectric material on November 6, 
1986. 

The other entries in the log associated with the 6 310A 
wafer are identified as follows: 

"OrbTDOlcmos" under the heading of "Substrate 
Description" means that the wafer itself was fabricated by 
Orbit Semiconductor. The wafer was a TD01 test wafer (TW) 
with CMOS transistor circuits. 
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"Adeline" was an arbitrary name associated with the 
"6310A" TD01 wafer as it was processed, tested and evaluated 
by Krysalis. 

Under the column heading "Bel Type", there is noted the 
different types, if at all, of bottom electrode materials. 
The question mark for the 6310A CMOS test wafer means that 
the type of bottom electrode material was unknown to me at 
the time the data was entered into the log. 

After depositing the ferroelectric material, and 
patterning the material so as to form a capacitor dielectric 
at various locations on the wafer, the wafer was annealed or 
sintered at a temperature of 550°C to transform the material 
into a ferroelectric ceramic that exhibits a hysteresis 
characteristic. 

"G6 300" under the column heading "Sol-Gel ID" 
identifies the date the ferroelectric material was 
formulated by Krysalis. "G" means a sol-gel type of 
ferroelectric material. The "6" means 1986, and the "300" 
means the 300th day of 1986, i.e., October 27, 1986. The 
term 11 ( 8/40/60 ,+10 ), 10" under the same heading identifies 
the respective amounts of lanthanum, zirconium and titanium 
in the PLZT ferroelectric sol-gel material. The "+10" term 
indicates an atomic percentage of excess lead. The "10" 
term outside the parenthesis means that a period of ten days 
passed between the time the ferroelectric sol-gel material 
itself was formulated and thereafter deposited on the wafer. 

The designation "lOcts" under the column heading "Coats 
& Spin, Speed" indicates that ten separate coats or layers 
of the ferroelectric material were deposited on top of each 
other to form a composite layer of the ferroelectric 
dielectric material. The ferroelectric material was spun on 
the wafer in liquid form at a speed of 2000 rpm. 
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In the early development efforts at Krysalis, each thin 
film layer of liquid ferroelectric material was sintered 
separately for a time period of about forty-five minutes to 
form a hardened ceramic film. The column heading "Sinter 
Profile" identifies the sintering temperature. The high 
temperature sintering effectively converted the film 
amorphous material into a Perovskite crystalline material 
that exhibits ferroelectric characteristics. The combined 
sintering steps themselves often took several hours. 

The "Bake Profile" column of the log of Exhibit A has 
an entry "NA" (not applicable) until about December 17, 
1986, at which date the processing of the individual 
ferroelectric layers was modified. Rather than conducting a 
high temperature sintering step of each layer, as was 
previously done, each ferroelectric film layer was baked for 
a short period of time to drive off organics, and then after 
the last layer was applied, the entire layered structure was 
sintered at a higher temperature. For example, the wafer 
identified with Film ID 6 351A on page 10 of the log was 
processed by baking each layer for two minutes at a 
temperature of 300°C, i.e., the designation of "2@300" in 
the "Bake Profile" column of the log. Then, the entire 
layered ferroelectric material was sintered for thirty 
minutes at 650<>C in an oxygen environment, i.e., the 
designation of "30@650inO 2 " in the "Sinter Profile" column 
of the log. 

10. It is to be noted in the log of Exhibit A that I 
processed other CMOS wafers bearing Film IDs including 6 315B 
and 6332A through 6342D on dates between November 13, 1986, 
and December 8, 1986. These CMOS wafers noted in the log 
were TD01 test wafers, although not identified in the log as 
such. The TD01 CMOS test wafers each had many die with CMOS 
transistor memory circuits fabricated by Orbit 
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Semiconductor, Inc., and with the transistor circuits 
connected to ferroelectric capacitors as fabricated at 
Krysalis. Each die of the TD01 CMOS test wafers had a 
memory cell arrangement with complementary transistors and 
ferroelectric capacitors. 

11. Other CMOS test wafers processed by Krysalis to 
completion are identified in the log of Exhibit A as 
follows: 


12. Other test wafers, termed M ECD512" or "512ECD n 
wafers, were processed by coating and patterning 
ferroelectric material thereon, starting on April 8, 1987, 
as indicated by Film IDs 7098E-7100B. 

The wafers associated with these Film IDs were silicon 
wafers that were etched by Orbit Semiconductor, Inc., to 
form a topography similar to other wafers to be later 
fabricated with CMOS memory circuits. These initial test 
wafers were processed through the Krysalis ferroelectric 
processes as trial runs in preparation for the more 
expensive ECD512 wafers which had the CMOS memory circuits. 
As noted in the log, these test wafers were processed with 
different parameters to determine the results. For example, 
wafer 7098G had a silicon dioxide layer over which the 
ferroelectric material was spun. Wafers 7099A-7105B had 
silicon nitride layers, but some wafers had different types 


Film ID 


Date Coated 


7043 B 

7044 A 
7044 K 
7048 A 
7082 C 
7097B-F 
7098A-D 
7104A,B 
7117A 
7167A-D 


2/12/87 
2/13/87 
2/13/87 
2/17/87 
3/23/87 
4/07/87 
4/08/87 
4/14/87 
4/27/87 
6/16/87 
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and layers of bottom electrode materials, processed at 
different temperatures. 

Actual ECD512 wafers with CMOS memory circuits were 
processed by Krysalis shortly thereafter and are identified 
in the log as follows: 


Film ID 

7105CD 

7117B 

7125F 

7135B,C 

7139A 

7148A,B 

7156A,B 

7160A 

7162A-D 


Date Coated 
4/15/87 
4/27/87 
5/05/87 
5/15/87 
5/19/87 
5/28/87 
6/05/87 
6/09/87 
6/11/87 


Like the TD01 CMOS test wafers, the ECD512 CMOS wafers 
were processed with ferroelectric material layers to form 
non- volatile memory cells. However, the ECD512 CMOS wafer 
had many die each with an array of 64x8 memory cells. 

13. The ECD512 CMOS wafers were supplied to Krysalis 
by outside semiconductor vendors who carried out the actual 
semiconductor processing to form CMOS transistor circuits 
according to Krysalis specifications. The ECD512 CMOS 
wafers were subsequently processed by Krysalis personnel, 
either by myself, or others under my supervision and 
control, to deposit and pattern the ferroelectric sol-gel 
material to form a pair of ferroelectric capacitors in 
association with each memory cell. The patterning of the 
ferroelectric material to form the individual capacitor 
dielectric areas on the wafer was carried out using masks 
that were made by outside vendors according to Krysalis 
specifications . 
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14. I conducted numerous experiments and tests while 
at Krysalis with different compositions of ferroelectric 
materials to determine if they could be deposited and 
adhered to different types of bottom electrode conductor 
materials formed on semiconductor wafers, to determine if 
the ferroelectric material would be compatible with 
semiconductor wafer processing techniques, and if the 
ferroelectric material would operate satisfactorily over 
long periods of time with acceptable levels of fatigue and 
aging. 

15. Among the number of Krysalis tests conducted with 
ferroelectric material, there is shown in the log Film IDs 
7030A,B which had a thermal silicon dioxide grown over the 
surface of the silicon wafer, but with no bottom electrode 
material. The ferroelectric material was applied to the 
wafer on January 30, 1987. With respect to wafer 7030B, two 
different compositions, and thus two different layers of 
ferroelectric material were applied on the same wafer. Two 
coats of one type of ferroelectric material was applied 
directly over the silicon dioxide surface, with six coats of 
a different ferroelectric material thereover. It is 
believed that tests were conducted to determine if lead 
would diffuse into the silicon dioxide material during the 
sintering operation. Also, because the bottom two coats of 
the ferroelectric material had no zirconium, tests were 
carried out to determine if the cracking of the 
ferroelectric material during the sintering operation was 
alleviated . 

16. Also on January 30, 1987, wafer 7030D was coated 
with eight layers of a particular type of ferroelectric 
material, and the wafer was annealed after the top electrode 
deposition. The annealing was carried out at about 400 °C to 
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determine if a better bond could be obtained between the top 
electrode material and the ferroelectrode material. 

17. During February 4 and 5, 1987, wafer 7035A-7035C 
and 7036A-7036D were processed with a first bottom layer of 
ferroelectric material, and seven layers of a different 
ferroelectric material thereover. It was found that the 

G6 307 ferroelectric material exhibits less cracking during 
the sintering operation, when deposited over silicon 
dioxide. Also as noted, the different compositions of 
ferroelectric material included 8/40/60; 15/0/100; 3/60/40; 
and 0/50/50. Also, some of the wafers had a bottom 
electrode, and some had the ferroelectric material deposited 
directly on the silicon dioxide. 

18. On February 6, 1987, wafers 7037A, B and C were 
prepared with composite layers of ferroelectric material on 
different thicknesses of a spin-on oxide. For example, 
wafer 7037A had a thousand angstrom titanium layer formed on 
the silicon wafer, with the composite layers of 
ferroelectric material deposited thereover. On wafer 7037B, 
the titanium layer was removed, and thus the ferroelectric 
composite layer was deposited directly on the spin-on oxide. 
With wafer 7037C, only 500 angstroms of titanium were 
deposited on the spin-on oxide. Wafer 7037D was a control 
wafer, in which a thousand angstroms of titanium was formed 
on the spin-on oxide, but only a single type, rather than a 
composite layer, of ferroelectric material was utilized. 

19. Wafer 7037E was a wafer obtained from Orbit 
Semiconductor and cut into quarters for processing according 
to different tests. One quarter of the wafer had silicon 
nitride formed on a silicon dioxide, and a "209" oxide 
formed over the nitride. Wafer 7037F was processed 
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similarly, except that it underwent a hydrogen fluoride dip. 
Wafer 7037G was similarly processed, but with two coats of 
the 209 oxide over the silicon nitride. Wafer 7038A was 
also similarly processed, but with one type of ferroelectric 
material rather than a composite material layer. These 
wafers obtained from Orbit were believed to have been etched 
to provide a specified topography which was used as a 
parameter during the wafer processing tests. Also, some of 
the wafers underwent a sintering operation, while others did 
not. 

20. Other examples of wafer tests include film ID 
704 3B which was a TD01 CMOS test wafer processed with a 
single composition of ferroelectric material on February 12, 
1987. This wafer had a thin titanium layer over the wafer 
silicon dioxide, with no capacitor bottom electrode. 

21. On February 13, 1987, wafer 7044A, which was a 
CMOS transistor type of wafer, was processed with a standard 
bottom electrode material, covered with an 8/40/60 
composition of ferroelectric material. The wafer was then 
cut into l ft squares for lift-off dot mask (LODM) tests. 
Also, wafer 7044B included a standard bottom electrode 
material, covered with 250 angstroms of titanium and 1500 
angstroms of platinum. Many other wafers were prepared on 
February 13, 1987, as noted in the log. 

22. On February 17, 1987, wafer 7048A was prepared 
with a composition of ferroelectric material, but rather 
than sintering in an oxygen ambient, such wafer was both 
annealed in an argon gas, as well as sintered in an argon 
gas. 
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• 


23. On February 25, 1987, wafer 7056A-1 was prepared 
with a ferroelectric material and annealed immediately after 
coating thereof. 

24. On February 25, 1987, wafer 7056A-1 was dipped in 
a nitric acid after annealing to roughen the surface to 
determine if a better adhesion of the ferroelectric material 
was achieved . 

25. Wafer 7056A-2 was prepared with a ferroelectric 
material on February 25, 1987, and annealed for 72 hours. 

26. Wafer 7056A-3 was prepared with a ferroelectric 
material and a top electrode, and then subjected to an RIO 
resist stripper and then annealed. This test is believed to 
be carried out to determine the adhesion capability of the 
top electrode material following the application of the 
resist stripper thereto. The resist stripper is utilized in 
patterning the ferroelectric material. 7056A-4 was 
similarly processed, but the wafer was soaked in the RIO 
resist stripping solution for twice the amount of time. 

27. Wafer 7056A-6 was prepared with eight coats of a 
ferroelectric material and then subjected to an acetone and 
isopropanol solution, and then immediately annealed. 

28. On February 25, 1987, wafer 7056A-7 was also 
prepared with eight coats of a ferroelectric material, and 
subjected to another type of stripper, denoted "130". 

29. On February 25, 1987, wafer 7056A-8 was tested as 
to a top electrode, by use of a spin-on platinum material. 


DECLARATION OF LEO N. CHAPIN - Page 11 


30. On February 28, 1987, wafer 7059A was prepared 
with eight coats of an 8/40/60 ferroelectric material and 
tested with isopropanol supplied by Alfa. I recall that one 
lot of isopropanol from that supplier caused the synthesis 
of a sol-gel to be ruined, and thus the present test was to 
test a new lot of isopropanol on a new sol-gel ferroelectric 
material. 

31. Wafer 7069A was coated with a ferroelectric 
material on March 10, 1987, to conduct a test of a new top 
electrode technique, termed "Fatl" . With the Fatl wafer 
structures, both the top electrode and the bottom electrode 
of the ferroelectric capacitor were accessible for tests, 
whereas in the LODM structure, two ferroelectric capacitors 
were formed in series, with only the outer terminals being 
accessible, and the inner common terminal was not accessible 
for testing. 

On March 16, 1987, wafer 7075C was prepared with a 
ferroelectric composition, but not sintered. Other wafers 
were prepared on such date but sintered at 650°C. The 
sintered and unsintered wafers were utilized by Krysalis to 
align and adjust a new semiconductor processing stepper 
machine purchased from ASM. Such a stepper utilized a laser 
for aligning the masks to the wafer. The sintered and 
unsintered wafers exhibited different crystal structures and 
thus different indices of refraction for aligning the 
stepper. 

32. As noted on page 14 of the log, during March 16, 
17 and 18, 1987, numerous different types of ferroelectric 
compositions , including 3/40/60; 0/50/50; 15/0/100; and 
3/60/40 were utilized as different parameters to determine 
performance characteristics. 
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33. On March 23, 1987, wafer 7082A was processed with 
different layers of ferroelectric material to determine 
which composition exhibited the least cracking during high 
temperature processing. Particularly, a 15/0/100 
composition of ferroelectric material was deposited and then 
thereover an 8/40/60 composition of ferroelectric material. 
Such tests were conducted on Orbit test wafers, as well as 
CMOS wafers, and on both the LODM and Fatl top electrode 
structures. 

34. On March 27, 1987, wafer 7086A was prepared with a 
blend of ferroelectric materials. In these tests, the 
ferroelectric sol-gels were actually mixed together in 
liquid form to arrive at a composite resultant ferroelectric 
material. 

35. On March 30, 1987, and April 3, 1987, wafers 7089B 
and 7093A,B were prepared respectively with ferroelectric 
compositions to conduct a top electrode barrier study. 
According to this study, efforts were expended to eliminate 
reactions of aluminum contacts with platinum. It was found 
that by depositing a titanium layer over the platinum, and 
then aluminum over the titanium, the adverse material 
reaction between aluminum and platinum was reduced. 

36. On April 4, 1987, a number of wafers were 
prepared, starting with wafer 7094A to conduct a scratch 
protection study. In this study, experiments were conducted 
to select a top passivation layer for covering the 
ferroelectric capacitors. It is believed that different 
spin-on glasses, silox and other depositions of materials 
were used as the passivation layer. As can be seen on the 
bottom of page 15 of the log, different ramp-in/out 
parameters were utilized to determine optimum results. In 
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other words, the speed at which the wafers were fed on a 
conveyor into the diffusion furnace was varied to vary the 
temperature gradient to which the wafers were exposed. Many 
materials adversely react with the ferroelectric material, 
and thus the selection of a passivation layer was 
significant in fabricating ferroelectric memories. Not only 
do various materials chemically react with ferroelectric 
material, but such materials can also place a mechanical 
stress on the ferroelectric material. Because the 
ferroelectric material exhibits piezoelectric properties, 
external stresses can change the characteristics of the 
ferroelectric material. 

37. On April 6, 1987, wafers 7096C and D were prepared 
with an 8/40/60 composition of ferroelectric material, but 
with different amounts of excess lead. These wafers were 
prepared to conduct an excess lead study. As noted in the 
FES coating log, wafer 7096C was prepared with a 
ferroelectric material having no excess lead, while wafer 
7096D was prepared having 30 parts of excess lead. 

38. On April 7 and 8, 1987, a number of TD01 CMOS 
wafers were prepared with different compositions of 
ferroelectric material, as well as other different 
parameters, to conduct pre-512 process tune-up. The TD01 
CMOS wafers were processed through the Krysalis processing 
equipment to determine the correct operation thereof before 
processing the more expensive ECD512 CMOS wafers. The TD01 
CMOS wafers are identified at pages 16 and 17 of the log, 
starting with wafer 7097B. 
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39. On April 8, 1987, a number of ECD512 test wafers 
were prepared, starting with 7098E. These test wafers had 
no CMOS memory circuits, but underwent a pre-etch to provide 
a topography similar to a ECD512 wafer with CMOS memory 
circuits. The ECD512 test wafers bearing film IDs 7098E- 
7100B were processed with different parameters, such as some 
having eight coats of ferroelectric material, while wafer 
7098G had 32 coats. Also, the ferroelectric material on 
some of the wafers was deposited over a single spin-on layer 
of titanium, while other wafers had the ferroelectric 
material deposited over two such layers of the titanium 
material. In addition, some wafers underwent an oxidation 
cycle at 650 °C, while others were subjected to an oxidizing 
environment of 750 °C. 

40. ECD512A wafers 7105A,D were prepared on April 15, 
1987, with a ferroelectric material. These wafers were 
fabricated at Orbit Semiconductor with CMOS memory 
transistors and circuits. 

41. On April 16, 1987, wafers 7106C, D and E were 
prepared with different ferroelectric compositions for test 
evaluation purposes. Particularly, wafer 7106C had a blend 
of G7072 and G7090A ferroelectric material, yielding a 

5. 5/40/60, +5 resulting composition. Wafer 7106D was 
prepared with a 50:50 blend of G7072 and G7055 ferroelectric 
material, resulting in a composition of 5 . 5/40/60, + 10 . 
Wafer 7106E was prepared with a 1/2:1/6:1/3 blend of G7072 
and 7090A and 7091 ferroelectric sol-gels which resulted in 
a 5 . 5/40/60, +15 resultant blend. The excess lead 
compositions for each of the blends differed, thus providing 
materials for evaluating with respect to ferroelectric 
properties. 
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42. On April 24, 1987, yet other wafers were prepared, 
starting with wafer 7114A to conduct a bottom electrode 
study. In this study, different thicknesses of titanium 
dioxide were deposited under the bottom electrode which 
comprised 500 angstroms of titanium and 1000 angstroms of 
platinum. 

43. On April 27, 1987, TD01 CMOS wafer 7117A was 
processed with a layer of ferroelectric material for 
conducting yet another bottom electrode study. On the same 
date, an ECD512 wafer with CMOS memory circuits (7117B) was 
processed with a layer of ferroelectric material, to also 
conduct a bottom electrode test. 

44. On April 30, 1987, wafers 7120B-D were prepared 
with the same composition of ferroelectric material to 
conduct an interlevel dielectric (ILD) study. The 
interlayer dielectric comprised a spin-on oxide deposited 
over the top electrode of the ferroelectric capacitor. 

45. On May 1, 1987, wafers 7121A-C were prepared with 
a composition of ferroelectric materials to conduct a buffer 
layer study. Two different ferroelectric sol-gels were 
deposited in different layers with an intermediate buffer 
layer to determine the extent of blistering after the 
sintering operation. 
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46. On May 5, 1987, wafers 7125A and B were processed 
with ferroelectric material, but were not annealed, to 
conduct tests for aligning the wafer processing stepper 
equipment. 

47. On May 5, 1987, ECD512A wafer 7125F was prepared 
with eight coats of a ferroelectric material to conduct 
tests on the non-volatile ferroelectric memory cells. 

48. On May 11, 1987, a Fatl wafer (7131A) was prepared 
with eight coats of a ferroelectric composition 3/60/40 to 
conduct fatigue tests thereon. 

49. On May 12, 1987, wafer 7132A was prepared with a 
ferroelectric material to conduct ion gun etch studies. 
This evaluation was to determine the effect of ion etching 
on ferroelectric material, rather than the standard use of 
wet etching solutions. 

50. On May 15, 1987, ECD512A wafers 7135B,C and 7139A 
were prepared with ferroelectric compositions, and 
thereafter tested to determine the electrical 
characteristics of the non-volatile memory cells. 

51. On May 22, 1987, wafers 7142A,B were prepared with 
a new sol-gel ferroelectric composition, defined as 
0/50/50, +10. 

52. On May 28, 1987, ECD512A wafers having CMOS memory 
circuits, identified as film IDs 7148A,B, were prepared with 
different ferroelectric materials to be evaluated 
accordingly. 
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53. On June 1, 1987, wafer 7152A was prepared with 
compositions of ferroelectric materials having buffer layers 
therebetween. On the same day, wafers 7152C and D were 
processed with ferroelectric materials to conduct a film 
thinness study. 

54. On June 4, 1987, wafers 7155A-C were prepared with 
new compositions of ferroelectric material, namely 0/50/50; 
1/45/55 and 0/40/60 to conduct electrical tests of the 
ferroelectric material. 

55. As noted on pages 20-28 of the FES coating log, 
many other wafers were prepared with ferroelectric materials 
for conducting tests subsequent to June 5, 1987. 

56. Exhibit B is a copy of my memorandum dated June 
16, 1987, concerning failure rate studies of numerous chips, 
or die, cut from the CMOS ECD512A wafer identified as Film 
ID 7148A. As noted in the log of Exhibit A, such wafer was 
processed with a ferroelectric material on May 28, 1987, and 
tested by Mr. David Eaton, also a Krysalis employee, who 
provided the bit failures of six of the die cut from the 
wafer. 

57. On information and belief, electrical tests on the 
wafers noted above were actually carried out by Krysalis 
personnel . 

I hereby declare that all statements made herein of my 
own knowledge are true and that all statements made on 
information and belief are believed to be true; and further 
that these statements were made with the knowledge that 
willful false statements and the like so made are punishable 
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by fine or imprisonment, or both, under Section 1001 of 
Title 18 of the United States Code, and that such willful 
false statements may jeopardize the validity of the 
application or any patent issued thereon. 


Date: 3^UU^ Zg jllf 
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KRYSALIS CORPORATION 


Krysalis Confidential 


FAILURE ANALYSIS REPORT 

SUBJECT: SEM and Optical Microscopic stud/ of selected low failure rate die on Wafer*7 1 48A 

DATE: June 16, 1987 

BY:LeoChapin 

Following is preliminary data on failure analysis of wafer*7 1 48A. Dave Eaton provided us with 
a bit failure map of 6 selected die having relatively low, random ( but repeatable) bit failures. 
Two of six die were examined and photographed using the Hitachi 450 SEM at UNM. All six die 
were examined using the Nikon Optiphot in differential Interference contrast ( Nomarski ) mode 
at XI 000 magnification. 


DIE* 

FAILED BIT 

DESCRIPTION OF FAILURE 

0.-7 

44,7 

Missing TEL on bottom cell 


57,6 

Blister on bottom cell 

0.+4 

4,7* 

TEL filament bridge with 5,7 

SEM 

5,7* 

(see above) 

photos 

17,1* 

Blister on cell 


23,1* 

Small blisters on cell 


48,5* 

Blister (adjacent eel 1,49 ,5, also blistered) 


56,6* 

? (adjacent good cell, 57 ,6, blistered) 

♦2.+ 1 

8,1* 

? nothing apparent 

SEM 

56,4* 

Missing FES in capacitors 

photos 

56,5* 

M MM M 


57,4* 
57,5* 


NOTE: Some adjacent cells which tested good 


63,7* 


also had FES missing from capacitors * 
Blister 


♦5.+3 


51,0 
53.7 
60,0 


Small blister on top cell 
Blister on bottom cell 
Blister on top cell 


+5.+2 


25,1 
31,1 
32,2 
48,7 
49.7 
51,1 
52,7 
63,3 


Blister on top cell 

Very small blisters(5) on top cell 

?( blister on 33 .2) 

Blister on bottom cell 

Medium blisters( 2) on bottom cell 

Blister on bottom cell 

Blister on bottom cell 

Blister on bottom cell; 6+ small to v.small blisters on top cell 


KRYSALIS CORPORATION Krysal is Confidential 

-2,-1 36.1 V.sma11 blister (large blister on 37.2) 

49,0* Blister on cell 

50,6* ? nothing apparent 

54,5* Blister on cell 

55,4* Blister on cell 

56,7* ? nothing apparent 

The blisters on failed bits, except where noted, had a diameter that was typically 2/3 to 3/4 the 
width of BEL. On d1e*+2,+ 1 a fast (and somewhat subjective) survey was made of blister size. 
The blisters were categorized as + (larger than), = (same size), and - (smaller than) relative 
to the typical failed bit blister. Of the 1 024 capacitors viewed, one had a blister In the + 
( larger than) catagory, 2 1 had blisters In the = (same size) category, and 209 had blisters In 
the - (smaller than) catagory (this last catagory Is the most subjective since cells with few 
very small blisters were not counted). 

Theesterlsk following the FAILED BIT address Indicates that SEM and/or optical microscope 
photos were made. I n addition to these photos the following were made: 

+2,+ 1 9,2 Good bit with large (= same as) blister but partly off BEL 

8,2b Metal over TEL for comparison with 8, 1 ( ? nothing apparent but bad) 
22,5t "Good bit" with missing TE1 over top cell 

-2,-1 -,- Typical area 

=2,-3 - , - Typical area 

All photos related to failure analysis are kept in a binder (titled "Failure Analysis Reports") 
with a copy of the report. 

Efforts are underway to categorize blister size (and other defects) more objectively. 
Some 7 1 48A film data: 

FES COATING LOG Krysalis Confidential 

FILM ID SUBSTRATE BEL TEL BAKE ANNEAL DAY MADE 

7148A ...ECD5I2A ..B86 ..512 ..23400 ..30€»650in02 05/28/87 
G71 10(8/40/60,+ 10) ;8cts;38 days old 
N0TES:CM0S ECD5 1 2A with 8/40/60.+ 1 0 

Attached Is the wafer die addressing scheme used In this report (comments solicited and 
accepted, perhaps). 
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